Summary. The extent to which specific IgG can reach the lumen of the rabbit cauda epididymidis was investigated by comparison of the concentration in serum and fluid of the cauda epididymidis of a specific IgG raised against dinitrophenylated bovine gamma globulin (DNP\p=n-\BGG).This specific IgG reached the epididymal lumen although in much lower concentration than the levels in serum. The IgG was measured by a specific sensitive radioimmunoassay and in 13 normal males there was a mean molar ratio of 4\m=.\0\m=x\10\m=-\3 (range: 2\m=.\5\p=n-\11\m=.\0\m=x\ 10\ m=-\ 3) between the epididymal lumen and blood; the mean ratio between cerebrospinal fluid and blood was 1\m=.\7\m=x\10\m=-\3 (4 males). Calculations, based on the absolute concentration of anti-DNP IgG in epididymal fluid in relation to total number of spermatozoa and estimated fluid volume in the cauda epididymidis, indicated approximately 40 000 molecules anti-DNP\p=n-\BGG IgG per spermatozoon. This ratio was not affected 6 days after castration or 3\p=n-\4months after vasectomy, but it was about 10 times higher than that of the controls in the cryptic epididymis subjected for 6 days to body temperature.
Introduction
Much has been learned in recent years about the functions of the epididymis in the maturation and storage of spermatozoa. However, little is known of the extent to which biological agents may pass from the blood to the epididymis. Neither is it clear how this may vary according to species or the site in the epididymis being explored. Passage of foreign com¬ ponents from the systemic circulation to the lumen of the rat caput epididymidis appears to be determined to a considerable extent by the molecular weight of the entity in question; larger molecules such as inulin and bovine serum albumin do not reach more than about 5% of the concentration in the blood, whereas tritiated water equilibrates much more freely with the epididymal compartment (Hinton & Howards, 1981) . The same appears to be true in principle for the rat cauda epididymidis when studed by luminal perfusion techniques, this region seeming relatively impermeable to larger molecules (Cooper & Waites, 1979) .
Whether or not such principles apply to immunoglobulins (Igs) evoked by systemic immunization is not known. The luminal border of the epididymal epithelium is characterized by impressive junctional complexes (Friend & Gilula, 1972; Suzuki & Nagano, 1978) , and while occasional lymphocytes can be detected within the epithelium (Dym & Romrell, 1975) , there is no significant population of antibody-secreting cells in the lumen of the normal duct. However, Igs may reach the lumen of the gut by transudation (Tornasi, 1976) and there is evidence that some proteins reach the interstitium of the epididymis by this means (Kormano, 1968; Johnson, 1972) . Nonetheless, too little is known to be able to predict the Ig concentration ratio between the blood and the epididymal lumen, particularly since local Ig production could affect the final concentration appearing in the epididymis. Mancini, Vilar, Alvarez & Sequier (1965) concluded that such proteins may enter the epididymis from the testis, but others using immunofluorescent methods found no Ig-positive cells or precipitate in the lumen (Johnson, 1972; Alexander & Fulgham, 1978) .
It is now possible to recover uncontaminated fluids from the distal epididymis, and to measure Ig in very small fluid volumes by quantitative radioimmunoassay of high sensitivity and specificity. We have used these methods to investigate (a) the extent to which IgG raised against dinitrophenylated bovine gamma globulin passes to the epididymal lumen, (b) the specific IgG concentration ratio established between this compartment and blood, and (c) the effects of an elevated temperature, of androgen withdrawal, and of vasectomy on that ratio.
Materials and Methods
Reagents. Dinitrophenylated-bovine gamma globulin (DNP-BGG) and -ovalbumin were synthesized by standard methods using dinitrofluorobenzene or dinitrobenzenesulphonic acid (Eastman Chemicals). Ovalbumin and bovine gamma globulin were obtained commercially. Reaction conditions were those of Porter & Sanger (1948 Affinity-purified anti-DNP was prepared from sera of rabbits which had been repeatedly boosted over 3-4 months and whose sera showed, by Ouchterlony analysis against DNP-ovalbumin, strong reactions that would be inhibited by DNP-glycine. The affinity column was prepared by linking DNP-ovalbumin to sepharose beads using cyanogen bromide as a cross-linking reagent under alkaline conditions (see Fuchs & Sela, 1978) . The DNPovalbumin-sepharose was poured into a glass column and washed with buffer to non-detectable absorption at 280 nm. A 50% ammonium sulphate precipitate of serum was resuspended and dialysed in buffer and passed over the column. After the non-affinity proteins were eluted, the column was again washed with buffer until absorption at 280 nm was <0-010. The anti-DNP Ig was then eluted using 0-2 M-glycine-HCl at pH 2-5 with the collected fractions being 'quenched' to pH 5-5 by 10 volumes of buffer in the fractionation tubes. Ouchterlony analysis showed that this material reacted with DNP-ovalbumin and goat anti-rabbit Ig. Polyacrylamide slab gel electrophoresis, run according to Laemmli (1970) (Goding, 1978) Experimental males. Epididymal fluid was also collected some 6 weeks after immunization from males whose reproductive tract had been manipulated in one of three ways. In Group B, the epididymis was exposed to body temperature for 6 days by unilateral reflection of testis and epididymis to the abdomen (Bedford, 1978) . In Group Cl, one testis was removed 6 days before epididymal fluid was collected, leaving the ipsilateral epididymis in the scrotum; and in Group C2, both testes were removed via a midline incision and both epididymides were replaced in the scrotum. When the testis was removed, particular care was taken to stem vascular oozing from the severed mesorchial vessels since bleeding would compromise scrotal cooling of the epididymis. In Group D, males were vasectomized bilaterally and then left for 3-4 months before epididymal fluid collection some 6 weeks after immunization. Because spermatozoa and fluid generally accumulate in and distend the rabbit duct for at least 6 months before any rupture ensues (Bedford, 1976; Moore & Bedford, 1978) Cone. anti-DNP IgG (m) Text- fig. 1 . Standard curve used for the calibration of the solid-phase radioimmunoassay for anti-DNP IgG.
There was some variation in the antibody response of different animals, consistent with previous observation for rabbits (Eichmann, Braun & Krause, 1971 To establish whether any significant portion of the IgG in epididymal fluid was being contributed by more proximal regions of the duct system, in 2 animals the levels were measured in fluids collected from the left and right cauda epididymidis. At 6 days after unilateral ligation of one corpus epididymidis the epididymal fluid/serum ratio on the control side was closely similar in both animals to that on the ligated side (19-0 and 20-0 10-3 and 4-0 and 6-1 10~3). Since spermatozoa passively traverse most of the epididymis in this time (see Amann, 1981) , this implies that the IgG measured in caudal fluids emanated locally in the cauda and was not contributed by more proximal regions of the duct system.
In studies to assess the effects of factors likely to alter the ratio seen in normal males (Table  1) , the serum levels of anti-DNP-BGG fell within the range displayed by the normal group. However, in each of 3 males made unilaterally cryptepididymal 6 days previously, the molar ratio of specific IgG was higher in fluid from the cryptic cauda (range 13-0-95-0; means 49-0 10~3) than in fluid from the sham-operated scrotal cauda (range 2-5-12-0; mean 6-8 10~3), suggesting that the cauda epididymidis becomes more permeable to IgG under the influence of body temperature. On the other hand, the cauda epididymal fluid/serum ratio of IgG in 6 animals subjected to bilateral castration 6 days previously (range 2-9-19-0; mean 12-0 10~3) was no different from that in the ipsilateral cauda of males castrated unilaterally 6 days earlier (range 8-6-19-0; mean 12-0 10~3), and the means for both were only marginally greater than (Friberg, 1974) , it would be of interest to determine how epididymal levels of IgA compare to those for IgG reported here. The present studies suggest that the epididymal barrier can be perturbed, but not easily. It was unexpected that castration had so little effect since luminally perfused horseradish peroxidase was present between the epithelial cells in the cauda epididymidis of the rat castrated 14 days previously (Moore & Bedford, 1979 (Bedford, 1976; Moore & Bedford, 1978) , did not bring increased passage of IgG to the duct lumen. Agglutinating antibody is present in epididymal fluids from men vasectomized for more than 8 months (Linnet & Fogh-Anderson, 1979 ), but it is likely that some focal rupture of the epididymal/vas epithelium with leucocyte invasion had occurred by that time (Alexander, 1972; Bedford, 1976; Pardanani, Patii & Pawar, 1976) . Indeed, in 1 rabbit here (unreported) an abnormal response to vasectomy at 3 months, characterized by disturbance of spermatogenesis and, histologically, many cells in the proximal region of the epididymis, was associated with very high levels of specific IgG in the caudal fluids.
The finding of specific IgG in the epididymal compartment is of interest for two reasons. The epididymis secretes several components of unknown significance for sperm maturation and sperm storage (see Brooks, 1979; Hinton, 1980) , including glycoproteins not present in serum (Killian & Amann, 1973; Jones & Dott, 1980; Voglmayr, Fairbanks, Jackowitz & Colella, 1980 (Bedford, 1970; Russo, Metz & Dunbar, 1976 (Chang, 1947; Johnson, 1973; Hancock, 1976 Hancock, , 1979 and although the presence of induced antibody may be correlated with infertility or sub-fertility (Rumke, Van Amstil, Messer & Bezemer, 1974; Husted, 1975; Alexander, 1977) some males with easily detectable serum levels remain fertile. However, nothing appears to be known about the molar concentration of circulating antibody in any of these men. The effects of Ig directed against red cells are exerted at levels of 20-20 000 molecules Ig/cell, according to the effect (Rosse, 1974; Logue & Rosse, 1976; Frank, Schreiber, Atkinson & Jaffe, 1977 
